Langerhans' cell histiocytosis that may present with pulmonary symptoms. The condition seems to be nonfamilial and typically affects middle-aged adults. Radiographic and pathologic changes in the long bones are diagnostic, but patients often present with extraskeletal manifestations. Advanced pulmonary lesions are associated with extensive fibrosis that may lead to cardiorespiratory failure. The clinical, radiologic, and pathologic features of six patients with ECD with lung involvement are presented. The patients were three men and three women (mean age, 57). Five presented with progressive dyspnea, and one presented with diabetes insipidus. Open-lung biopsies showed histiocytic infiltrates in a lymphangitic pattern with associated fibrosis and lymphoplasmacytic inflammatory infiltrates. The histiocytes did not stain with periodic acid-Schiff. Immunoperoxidase studies performed on specimens from five of six patients showed that the histiocytes were positive for CD68 and Factor XIIIa and negative for CD1a. Specimens from two patients exhibited immunoreactivity for S-100 protein. Electron microscopy studies performed on specimens from two patients showed phagocytic lysosomes but no Birbeck granules. Clinical follow-up of up to 16 years was available. At the end of that time, five patients were dead of complications related to their disease; one patient remains alive 4 years after diagnosis but with severe respiratory compromise. ECD is a rare nonLangerhans' cell histiocytosis that may present as interstitial lung disease and resemble other pulmonary conditions, particularly usual interstitial pneumonitis and pulmonary Langerhans' cell histiocytosis. Recognition of this entity will allow better assessment of its true incidence, therapeutic options, and prognosis.
In 1930, while doing a fellowship with the pathologist Jakob Erdheim (1874 -1937), the American physician (future cardiologist) William Chester (1903 -1974 published the clinical and pathologic findings of two patients who he believed had a distinctive lipidosis not previously described (1) . In 1972, Jaffe reviewed the findings of Chester's original patients along with those of a patient published by Sorenson (2) and reported on a fourth patient of his own. He postulated that the four patients represented the same histiocytic disorder and coined the eponym Erdheim-Chester disease (ECD) (3) . ECD is a rare non-Langerhans' cell histiocytosis characterized by symmetrical sclerosis involving the diametaphyseal aspects of the long bones. Radiographically, these findings are considered virtually pathognomonic. Nonosseous disease is also well recognized and includes hypothalamus/pituitary involvement with resultant diabetes insipidus, renal and retroperitoneal infiltration, and xanthoma-like skin lesions, particularly on the eyelids (4) . Similar to Langerhans' cell histiocytosis, the clinical course of ECD varies and is dependent on the extent and distribution of extraosseous disease. Although lung involvement is uncommon, pulmonary fibrosis plays a significant role in the disease's overall morbidity and mortality.
The majority of the published reports on ECD have focused on radiologic, orthopedic, orbital, and central nervous system manifestations. Documen-tation of the pulmonary pathology is limited to case reports of ECD (1, (5) (6) (7) (8) (9) (10) (11) (12) (13) and a single series (14) . In an extensive review of the literature, Veyssier-Belot et al. (4) found that 8 of 59 (14%) reported patients had radiographic evidence of pulmonary involvement with respiratory and cardiac failure, the most common causes of death. Herein, we describe the clinical and pathologic features of six patients of ECD with lung involvement and discuss the relationship of ECD to other histiocytic disorders.
MATERIALS AND METHODS
We reviewed the records six patients who had ECD with lung involvement, which were collected for study of the pulmonary manifestations of the disease. Diagnostic criteria included a consistent clinical presentation, supportive radiographic data, a fibrohistiocytic infiltrate on biopsy, and absence of Birbeck granules or of CD1a expression as detected by immunohistochemical techniques. Although radiographic data concerning the long bones for Patient 2 were not characteristic of ECD, this patient was included because the clinical presentation of pulmonary symptoms occurred 2 years after the long bone radiographs were made and because the clinical presentation, histopathology, and immunohistochemical profile were convincingly persuasive.
Four patients were diagnosed at the Armed Forces Institute of Pathology, and our French colleagues (FG-S, EB) contributed the material on two patients. Patient 4 was previously reported with emphasis on the clinical aspects (15) . The orbital features of Patients 5 and 6 were likewise previously reported (16) . Hematoxylin and eosin-stained slides, paraffin-embedded tissue blocks, and a clinical history were available for each patient. Chest radiographs, CT scans, or radiologic reports were also available for each patient. Bone biopsies (Patients 2 and 5) or a pathology report (Patient 1) was available for three patients. In addition, a bone marrow biopsy specimen (Patient 6) or a pathology report (Patient 3) was available for two patients. Autopsy material from three patients (3, 5, and 6) was also examined.
Specimens from each patient were evaluated with a periodic acid-Schiff stain. Immunoperoxidase stains for S-100 protein (Dako, Carpinteria, CA; 1:800), CD1a (Diatech Diagnostics, Inc., Allston, MA; 1:20), CD 68 (Dako; 1:200), LCA (Dako; 1:50), keratin cocktail (ae1/ae3 ϩ ck1; Roche Diagnostics, Indianapolis, IN, 1:400 and Dako, 1:2), EMA (Dako; 1:800), Factor XIIIa (Calbiochem, La Jolla, CA; 1:2000), and CD21 (Dako, 1:50) were performed on specimen sections from each patient using the avidin-biotin-peroxidase technique of Hsu and Raine (17) . The tissue sections were treated with 0.4% pepsin in 0.01 N HCl for 15 min at 37°C. Endogenous peroxidase activity was suppressed by treatment with 3% hydrogen peroxide in methanol for 15 min at room temperature. This was followed by incubation overnight at room temperature, formation of the ABC complex (Vector elite kit; Vector Laboratories, Burlingame, CA), and development of the color with diaminobenzidine tetrahydrochloride (3,3Ј-diaminobenzidine). Electron microscopic studies were performed on specimens from Patients 1 and 4.
RESULTS

Clinical Findings
There were three men and three women whose ages ranged from 34 to 71 years (mean, 57) at the onset of symptoms (Table 1 ). All patients were Caucasian. Three had known inhalational tobacco use, 65 CM Progressive dyspnea, 9-kg weight loss, followed in 4 y by proptosis, periorbital xanthomas, hepatosplenomegaly unremarkable Death 9 y after presentation due to right-sided heart failure secondary to lung fibrosis, pulmonary embolism FUO, fever of unknown origin; CAD, coronary artery disease; HTN, hypertension.
one denied such exposure, and the status of the remaining two patients is unknown. Five patients presented with dyspnea with variable constitutional symptoms. One patient (Patient 5) had a 6-year history of diabetes insipidus before presentation with leg pains. This patient and one other (Patient 6) developed proptosis and periorbital xanthomas at intervals of 2 and 4 years after presentation, respectively. These same two patients developed mild diabetes mellitus late in their disease. Musculoskeletal symptoms including bilateral leg pain occurred in three patients (1, 4, and 5).
Laboratory Findings
At the time of diagnosis, anemia was present in four of six patients with total hemoglobins ranging from 9.5 to 10.2 g/dL (normal, 14.6 to 17.8 g/dL). Patients 4 and 6 had hemoglobin and hematocrits in the normal range. Two patients had a leucocytosis. Patient 3 developed leucocytosis (white blood cell count, 34,000/mm 3 with 28% bands) and fever of unknown origin, both of which had been present for 16 months before diagnosis. Patient 6 had a white blood cell count of 14,900/mm 3 .
Radiographic Findings
In each case, the chest radiograph showed varying degrees of increased interstitial markings as well as pleural thickening (Fig. 1) . The chest radiographs of Patient 2 also showed bullous changes and cystic lesions bilaterally as well as cardiac enlargement. Two patients (3 and 6) had radiographic evidence of cardiac enlargement and pleural effusions. In addition, Patient 1 had CT scans of the chest that showed widespread smooth thickening of the interlobular septa (Fig. 1) . The CT scan of this patient also demonstrates sclerotic lesions of the thoracic vertebrae. For each patient (except Patient 2), skeletal radiographs showed symmetrical sclerotic or mixed sclerotic/lytic lesions of the metaphyseal and diaphyseal regions. For Patient 2, perioperative radiographs of the right lower extremity were made 2 years before presentation with pulmonary symptoms. At that time, the patient underwent a right-sided above-the-knee amputation because of an aneurysm and occlusion of the right popliteal artery. The films showed bone resorption and some features suggesting the possibility of Paget's disease.
Abdominal CT scans were available for three patients. For Patient 2, the scan demonstrated mild splenic enlargement (15 cm). Abdominal CTs in Patients 3 and 5 showed perinephric retroperitoneal fibrosis, which resulted in bilateral hydronephrosis. Orbital CT scans of Patients 5 and 6 each showed large, symmetrical, homogeneous, dense, enhancing soft tissue masses filling the muscle cones of both orbits.
Histologic Features
Five patients underwent wedge biopsies of the lung. The sections from Patient 5 were obtained at autopsy. Patients 3 and 6 also underwent autopsy. Low-power appearance in the specimens from the five patients in which antemortem biopsies were available were similar to one another and showed marked thickening and fibrosis of the interlobular septa and perivascular interstitium (Figs. 2 and 3 ) with lesser involvement of the peribronchiolar areas (Fig. 4) . Within each area of fibrosis, there was a proliferation of large histiocytes with round to oval nuclei and moderate to abundant cytoplasm that varied form lightly eosinophilic to pale staining or foamy cytoplasm (Fig. 5) . The pleura was likewise markedly thickened by a histiocytic infiltrate with fibrosis. Multinucleated giant cells were prominent in specimen sections from Patient 1, particularly in the pleura (Fig. 6 ). Postmortem sections of lung from Patient 5 showed much less fibrosis than that seen in the specimens from the other patients, but the distribution and presence of large histiocytic cells were the same. Emperipolesis was not identified. Accompanying the histiocytic proliferation were variable infiltrates of small lymphocytes, plasma cells, and, in Patient 1, rare eosinophils. Bone biopsies from the long bones of Patients 1 and 5 showed varying degrees of trabecular thickening and partial replacement of the marrow by fibrohistiocytic infiltrates. A bone marrow biopsy taken from Patient 2 as part of an evaulation for anemia at the time of presentation with pulmonary symptoms showed similar histology as the bone biopsies taken from Patients 1 and 5 (Fig. 7) . Morphologically diagnostic features of Paget's disease that had been suggested on the earlier radiographs 
Histochemical and Immunohistochemical Findings
Periodic acid-Schiff-stained sections were negative in each case. Immunoperoxidase studies (Table  2) , performed in five cases, demonstrated strong positivity for CD68 and Factor XIIIa in the histiocytes in each case (Fig. 8) . S-100 protein was positive in two cases. Weak staining for lysozyme was also noted in two cases. Other stains, including CD1a, CD45RB, CD21, and keratin, were negative in all cases. Immunoperoxidase studies on the bone marrow specimen of Patient 2 were positive for CD68, Factor XIIIa, and S-100 protein but negative for CD1a.
Ultrastructural Findings
For the two patients (1 and 4) whose tissue specimens were submitted for electron microscopy studies, no Birbeck granules were identified. Histiocytic cells in each of these cases showed scant quantities of lipid in phagolysosomes.
Clinical Follow-Up
Clinical follow-up was available for all patients ( Table 1) . Five of six patients died of complications of ECD 1 month to 16 years after the diagnosis of ECD was made. Patient 4 is alive 4 years after diagnosis but has severe respiratory compromise.
For three patients, the cause of death was related to pulmonary disease. Patient 1 was treated with corticosteroids and chloraminophene without much improvement. He had progressive lung dis- ease and osseous pain and died of cardiac and pulmonary failure 5 years after diagnosis. Patient 2 was admitted to the hospital with purulent bronchitis superimposed on his severe interstitial lung disease and a popliteal artery aneurysm. He underwent resection of the aneurysm and subsequently developed methicillin-resistant staphylococcal pneumonia and acute renal failure leading to death. Patient 6 was treated with corticosteroids, which resulted in clinical improvement but minimal radiographic change. His pulmonary disease continued to worsen, and he died of right-sided heart failure secondary to pulmonary fibrosis and pulmonary embolism 9 years after diagnosis. At autopsy, he had extensive pulmonary and pleural fibrosis. In addition, he had pericardial fibrosis, pericardial effusion (500 mL), cardiomegaly, right ventricular hypertrophy, and an acute pulmonary embolism partially obstructing the left pulmonary artery.
The cause of death in the remaining two patients was related to obstructive thoracic and abdominal disease. Patient 3 died of retroperitoneal fibrosis with consequent renal failure. Patient 5 died of a hemorrhagic cerebral vascular accident. At autopsy, there were extensive infiltrates of foamy histiocytes involving the retroperitoneum, pleura, pericardium, and aorta with nearly complete occlusion of the left carotid artery.
DISCUSSION
Patients with lung involvement by ECD typically present with progressive dyspnea over a period of months to years (4). On radiography, thoracic disease is characterized by nonspecific findings of diffuse interstitial and pleural thickening with or without effusion. CT scans typically show interlobular septal and pleural thickening. There may be associated patchy centrilobular ground glass opacities. The low-power histologic appearance of ECD reflects the CT findings (14) . The histiocytic infiltrates are strikingly lymphangitic in distribution and therefore are seen in the visceral pleura, in interlobular septa, and around bronchovascular bundles (14) . As emphasized by Chester (1), a proliferation of fibrous tissue accompanies the histiocytic infiltrates, which is typically most pronounced in the pleura and interlobular septa.
Immunophenotypically, the histiocytes are positive for CD68 and show variable staining with S-100 protein. Immunoreactivity for S-100 protein was observed in two of six cases in this study and, likewise, was variably reactive in four of five cases reported by Egan et al. (14) . In contrast with Langerhans' cell histiocytosis, CD1a was negative in each of our cases as well as in all of the cases of ECD reported to date. A novel finding in this study was strong Factor XIIIa immunoreactivity, which was observed in the lung sections and other involved sites. Factor XIIIa is positive in dermal dendritic cells, a term coined by Headington and Cerio (18) . Factor XIIIa-positive dendritic cells are also found in other tissues, such as the gastrointestinal tract, bladder, kidney, and lung (19) . It is interesting that in the lung, Factor XIIIa-positive cells are most prominent in the connective tissue around bronchioles and blood vessels and along interalveolar septa, a distribution similar to the pulmonary lesions of ECD (19) .
The function of Factor XIIIa-positive histiocytes is not well characterized. It has been shown that they stimulate fibroblastic proliferation (20, 21) , which may account for the fibrotic appearance of pulmonary ECD. In view of the perivascular location of Factor XIIIa-positive histiocytes in the skin and mucosa, some investigators have also postu- 
NV, nonviable; NT, not tested.
lated a role in immune regulation. Sertl et al. (22) described antigen-presenting cells, which lack Birbeck granules, in mouse lung parenchyma and visceral pleura. These seem to be similar in morphology and distribution to the Factor XIIIa histiocytes described by Derrick et al. (19) . The differential diagnosis of pulmonary involvement by ECD includes interstitial lung diseases and, in particular, usual interstitial pneumonitis (UIP) and various primary and secondary histiocytic disorders. Similar to ECD, UIP clinically presents as insidious progressive dyspnea in adult patients.
Histologically, both disorders demonstrate prominent pleural and septal fibrosis on low-power examination; however, in ECD, there is geographic uniformity of the fibrosis in contrast to the mixture of fibroblastic foci and mature fibrosis with skip areas, characteristic of UIP. Histiocytic infiltrates distributed along the pleura, septa, and perivascular interstitium are the hallmark features of ECD. In advanced fibrotic lesions, the histiocytic proliferation may be difficult to appreciate without immunohistochemical studies. Other secondary histologic features commonly seen in UIP (smooth muscle hyperplasia, squamous metaplasia, and hypertensive vascular changes) have not been reported in ECD.
Another form of interstitial lung disease, characterized by histiocytic proliferation and fibrosis, is pulmonary Langerhans' cell histiocytosis (LCH). Radiographically, LCH shows a distinctive pattern of cysts and nodules seen on plain film and on high-resolution CT, which differs from the radiographic appearance of ECD. Histologically, the lesions of LCH are predominantly peribronchiolar in location in contrast to the angiocentric and pleural distribution of histiocytes of ECD. Langerhans' cells are characterized by prominent nuclear grooves and can be definitively identified by their strong staining with anti-CD1a antibodies and by the demonstration of Birbeck granules on ultrastructural analysis. The histiocytes of ECD have a round to oval shape without nuclear indentation, are nonreactive with CD1a, and lack Birbeck granules. Distinction of ECD from pulmonary LCH is important because of the overall worse prognosis of the former. Nine of 18 previously reported ECD patients with lung involvement have died of disease at 3 weeks to 8 years after diagnosis (14) . In contrast, pulmonary LCH, a smoking-related disorder, generally has an indolent course and may regress either spontaneously or after steroid therapy and/or cessation of smoking (23) .
Sinus histiocytosis with massive lymphadenopathy, also known as Rosai-Dorfman disease (RDD), most commonly effects lymph nodes but rare cases have been reported in the lung. Clinically, most of the reported cases of RDD with lung involvement have presented as tumoral masses involving the large airways, and all have had evidence of nodal disease. Diffuse pulmonary involvement, which has been described in three cases of RDD, might be difficult to distinguish from ECD on the basis of morphology alone and may require correlation with the lymph node and bone findings (24) . Infiltration and dilation of the perivascular lymphatic spaces by histiocytic infiltrates has been observed in pulmonary RDD, a feature that may be useful in distinguishing the two entities (25) . The histiocytes in RDD have abundant foamy cytoplasm as in ECD but are distinguished by the presence of wellpreserved lymphocytes in their cytoplasm, a phenomenon known as emperipolesis. Unlike ECD, the histiocytes in RDD are consistently positive for S-100 protein. In addition, immunoreactivity for Factor XIIIa has been reported in only one unusual case of RDD limited to the skin (26) .
Xanthoma disseminatum (XD) is composed of Factor XIIIa-positive histiocytes and may give a clinical presentation similar to ECD in that XD patients often have periorbital xanthomas and approximately 40% have diabetes insipidus (27) . The diabetes insipidus in XD typically is mild and transitory, whereas that of ECD is persistent and progressive. XD patients are young at presentation (most are younger than 25 years) and have widespread cutaneous lesions typically involving the flexural areas. They often have mucosal involvement. Pharyngeal and laryngeal lesions are not uncommon, but involvement of the lower respiratory tract is rare and is characterized by thickening of the trachea and main bronchi (28) . In addition, osseous lesions have been only rarely reported and are lytic in nature and para-articular in distribution (29) .
Six percent of diabetic patients develop perivascular xanthogranulomatosis (30) , which typically is asymptomatic and found only at autopsy. Additional considerations in the differential diagnosis of lung involvement by ECD were reviewed by Egan et al. (14) and include sarcoidosis, Gaucher's disease (31), Whipple's disease (32) , and malacoplakia (33, 34) .
In summary, ECD is a rare type of nonLangerhans' cell histiocytosis, which may cause progressive lung disease. Affected patients show characteristic radiologic and histologic findings, which need to be discriminated from other types of histiocytic disorders and interstitial lung disease. Although the exact origin of the ECD histiocyte is unclear, the results of this study suggest derivation from Factor XIIIa-positive dendritic cells.
